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ABSTRACT 
Presented diploma thesis deals with preparation, crosslinking and physico-chemical 
characterization of natural polysaccharide-based hydrogels. The aim of the work 
was to evolve elastic thin films with potential application for moist wound healing.  
The theoretical part summarizes the state-of-art about regeneration of soft tissues 
and their substitutes (synthetic or nature). There are pointed out the basic information about 
natural polysaccharide gums (chemical structure, solubility, heat and pH stability etc.), 
its modification and chemical crosslinking.  
The experimental part is focused on the modification of natural gum Karaya in order 
to make transparent hydrogels with adjustable hydrolytical stability. Samples were analyzed 
by FTIR, TGA followed by evaluation of swelling properties and hydrolytical degradation.  
Based on the results, chemical modification helped to stabilize polysaccharide 
hydrogels in water up to 25 days which is useful mainly for moist wound healing (e.g. after 
burns) because of high values of water uptake (from 85 up to 96%). 
 
 
 
 
 
KEYWORDS: polysaccharide hydrogel, gum Karaya, crosslinking, degradation, moist 
wound healing 
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ABSTRAKT 
Předložená diplomová práce se zabývá přípravou, síťováním a fyzikálně-chemickou 
charakterizací hydrogelů na bázi polysacharidů. Cílem práce bylo vyvinout elastické filmy, 
které by mohly být použity pro vlhké hojení ran. 
Teoretická část shrnuje současné způsoby regenerace měkkých tkání a jejích 
náhradách (ať už se jedná o přírodní nebo syntetické materiály). Zároveň jsou zdůrazněny 
základní informace o přírodních polysacharidech (chemická struktura, rozpustnost, tepelná 
a pH stabilita atd.), jejich modifikace a chemické síťování. 
Experimentální část je zaměřena na modifikaci přírodní gumy Karaya tak, 
aby transparentní hydrogely měly nastavitelnou hydrolytickou stabilitu. Vzorky byly 
analyzovány pomocí FTIR, TGA následované vyhodnocením bobtnání a hydrolytické 
degradace.  
Z výsledků vyplynulo, že chemická modifikace zvýšila stabilizaci elastického filmu 
z přírodního polysacharidu ve vodě  až na 25 dní. Díky řízené degradaci a vysoké absorpci 
vody (85 - 96%) jsou tyto nové hydrogely využitelné především pro vlhké hojení ran (např. 
popálenin).  
 
 
 
 
 
KLÍČOVÁ SLOVA: polysacharidové hydrogely, gum Karaya, síťování, degradace, vlhké 
hojení ran  
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1 INTRODUCTION 
 
Polysaccharides show a variability and versatility, associated with their complex 
structures, not found in other classes of polymers. This peculiarity allows a very wide range 
of applications, and derivatizations further increase their possible use [1].The polysaccharide 
gums can be divided by their origins, behaviors, and chemical structures. Gum exudates 
flowing from the trees serve as protection during injury. 
The term “gum” is used to describe a group of naturally occurring polysaccharides that 
come across widespread industrial applications due to their ability either to form the gel 
or make the viscous solution or stabilize the emulsion. Water-soluble gums – also known 
as ‘hydrocolloids’ are used for various applications as dietary fibers, texture modifiers, gelling 
agents, thickeners, stabilizers and emulsifiers, coating agents and packaging films [2]. 
Plant gums are the polysaccharides originated from various parts of a plant (e.g. plant 
cell walls, tree exudates, seeds, tuber/roots, seaweeds) [2]. Natural polysaccharides have 
similar properties. Generally, polysaccharide gums are promising biodegradable, nontoxic, 
freely available and less expensive polymeric materials which have been used to develop 
various drug delivery devices [3]. 
In the last years polysaccharides based hydrogels are studied. Hydrogels dressings 
have unique properties – they retain large quantities of water, which is needed for faster 
wound healing. Thus, prepared hydrogels dressings can be used for skin injuries 
such as burned skin. Natural polysaccharides can be crosslinked or copolymerized 
with synthetic polymers giving new type of materials with required properties. 
Natural polysaccharide Gum Karaya (GK) is an exudate of gum obtained 
from the trees of Sterculia Urens and is one of the least soluble exudates gums. GK trees 
are found in India, Pakistan, Australia or Philippines. 
GK is relatively cheap material differing according to the origin. It has high viscosity 
and retention capacity. GK can increase in their original value after swelling. It is used in food 
and pharmaceutical applications as a bulk laxative because of the ability to create 
mucilaginous gel in contact with water. GK can be used in very different sectors ‒ industrial 
applications, paper and pulp, leather products, textile industry and especially food industry 
as stabilizer in salad dressings, sauces or ketchups, as sugar in juice, as emulsifying agent 
improving taste, occur or appearance. GK is also studied in medicine for the use as wound 
healing or drug carriers [4]. Currently the GK is examined for regeneration of soft tissues, 
such as skin. 
The aim of the work was to design, prepare and characterize a new type 
of biocompatible natural gum based hydrogel and find optimal conditions for preparation 
of elastic thin films.  
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2 THEORETICAL PART 
 
2.1 Regeneration of soft tissues 
Human skin represents a complex biologic system that integrates different cell types 
within a highly organized matrix scaffold. It is constantly exposed to physiologic insults 
and must renew throughout life in response to myriad stressors [5]. 
The skin is a tough, pliable waterproof covering which is continuous with the most 
delicate membranes lining the various openings of the body. Skin is more than a mere 
covering – it protects the deeper tissues, controls body temperature, prevents fluid loss, 
absorbs certain drugs, vitamins and hormones and is the largest single sensory organ 
in the body. In addition to these various functions, the skin plays an important role, in general, 
medical diagnosis and surgery, as well as being liable to many diseases of its own [6]. 
Skin is composed of 3 primary layers – epidermis, dermis and subcutaneous tissue. 
The epidermis is an outermost layer of skin, serves as waterproof barrier and protects us 
from infection. The dermis is strength, elastic fibrous skin layer and contains hair follicles 
and sweat glands. The deeper subcutaneous tissue connects skin to muscle and to bone. 
It consists of fat and connective tissue. 
Natural skin is recognized as the ideal wound dressing and so the development 
of ‘moist’ dressings was based on the desire to replicate skin with its 85% water content 
and inherent permeability [7]. 
Skin functions mainly as a protecting interface, physically shielding internal organs 
and tissues from external insults. Once the external barrier is breached, innate surveillance 
mechanisms set off a cell-signalling cascade to limit pain, control infection, and accelerate 
wound healing naturally, ultimately creating a scar. However, extensive wounds such as those 
associated with full-thickness burns rarely, if ever, heal spontaneously and thus require 
an external means of protection, be it temporary or permanent, to stimulate not only wound 
healing, but scarless self-regeneration. Current conventions hold that tissue engineered skin 
constructs should resemble native skin both anatomically and functionally [8]. 
Tissue-engineered skin needs to provide a barrier layer of renewable keratinocytes 
(the cells that form the upper barrier layer of our skin), which is securely attached 
to the underlying dermis, well vascularized, and provides an elastic structural support for skin 
[9]. 
 
2.1.1 Normal wound healing 
Wounds are defined as breaks in the continuity of the structure of the skin, usually 
resulting from physical trauma and leading to either temporary or terminal loss of function. 
Healing is a complex dynamic process that results in the restoration of anatomic continuity 
and function. It consists of four distinct but overlapping entities that depend on complex 
and finely orchestrated cell-signalling events [8]. 
Body's response to vascular injury is hemostasis. Hemostasis is initiated by clotting 
factors and circulating platelets while inflammatory cells are recruited, resulting 
in the continued secretion of cytokines to promote early inflammation. Both resident 
and circulating cell populations rapidly proliferate within the wound and promote 
the production of a “provisional matrix” of extracellular components. This matrix scaffold 
is remodeled for up to two years and results in the formation of a mature scar [10]. 
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Wound healing is a complex process specific for different types of wounds in normal 
conditions and proceeds in four stages: hemostasis, inflammation, proliferation 
and remodeling (Fig.1) [8]. 
 
1. Hemostasis: 
 Stops the bleeding by vasoconstriction – reduction of blood loss from a damaged 
tissue 
 Platelets interact with extracellular matrix (ECM) to activate clotting cascade, 
platelets change their shape and on their surfaces are activated receptors 
allowing identify fibrin and anneal to its fibers 
 Coagulation, flocculation and soluble fibrinogen are converted into insoluble 
fibrous fibrin 
 Resultant blood clot provides a platform for cell migration. 
2. Inflammation: 
 Starts its own healing process including vasodilation – widening of blood 
vessels, increased perfusion of the affected area 
 Neutrophils and monocytes are recruited to phagocytose foreign 
material/pathogens. Increasing permeability of the walls of blood vessels – 
into the affected site is so getting an increased amount of blood plasma 
 Penetration of white blood cells from the blood to the injured area 
3. Proliferation: 
 The construction phase of new tissue by revascularization and angiogenesis ‒ 
restoration vascular supply of affected tissue in order to be supplied 
with nutrients and oxygen 
 Granulation ‒ fibroblasts fills the defect with granulation tissue serving as first 
cell wound filler 
4. Epitelization – renewal of the epidermis. Remodeling: 
 Maturation of a newly formed tissue, during the time properties of damaged 
tissue approaching the origin tissue 
 Crosslinking of new collagen matrix 
 Fibroblast-derived enzymes including collagenases, plasminogen activator, 
and gelatinases create pathways through tightly ECM for cellular movement. 
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Fig.1: Normal wound healing [11] 
2.1.2 Burns 
Burns are a common trauma to the skin. The burn is an injury caused by fire, 
electricity, chemicals, boiling liquid or radiation. They are classified by severity, 
i.e. the degree of the burn, and by an extent, i.e. the percentage body surface area affected. 
A burn is an excess energy transfer to the skin and other tissues: its severity is determined 
by the factors responsible. Partial-thickness burns involve only the epidermis and are referred 
to as first-degree burns. Mixed-thickness burns (second-degree burns) involve the dermis 
while full-thickness burns (third-degree burns) include the hypodermis. First-degree burns 
always heal as they involve loss of the epidermis only. Second-degree burns may heal, 
depending on the depth of the burn, or they may progress to a full-thickness burn. Third-
degree burns do not heal as the tissue is unable to regenerate itself (Fig.2). It is in these cases 
that skin grafts must be applied to the affected area [6]. 
The treatment depends on the severity of the burn. First aid includes cooling 
with water jet, it may alleviate pain. Severe burns must be treated in specialized burn centers. 
In this centres can be used biomaterials ( 
Table 1), those known under the commercial names, e.g. Permacol, Dermagraft 
or Integra. Composition of some available commercial products given Table 2. 
 
 
Fig.2: Three degrees of burn [12]. 
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Table 1: Summary of the biomaterials in clinical use [9] 
Objective Approach Examples 
Epidermal cover Delivers cultured keratinocytes 
so that they  ‘take’ on the wound 
bed and form a new epidermal 
layer 
• Cultured epidermal sheets – Epicell 
• Cultured epidermal sheets from plucked hair 
follicles – Epidex 
• Subcon fluent cells on a synthetic carrier – 
Myskin 
• Cells delivered in a fibrin spray 
 
Dermal replacement Provides a dermal alternative 
to promote wound healing 
or is used in a two-stage skin 
replacement protocol 
• Donor skin 
• Permacol 
• Dermagraft 
• Transyte 
• Integra 
 
Epidermal/dermal 
replacement 
Acts as an alternative to a split-
skin graft 
• Apligraf 
• Permaderm 
• Orcel 
• Tissue-engineered skin 
• Tissue-engineered oral mucosa 
 
Table 2: Selected commercial products and their composition 
Name of product Composition 
Permacol derived from porcine dermis, retaining its 3D structure  made completely acellular 
and  crosslinked with non calcifying hexamethylene diisocyanate 
Dermagraft Composed of human fibroblasts, an extracellular matrix, and a  bio absorbable 
polyglactin mesh scaffold 
Integra bilayer skin replacement system - porous matrix of crosslinked bovine tendon 
collagen and glycosaminoglycan and a semi-permeable polysiloxane (silicone 
layer) 
Apligraf bilayered cellular matrix  - The lower dermal layer combines bovine type 
1 collagen and human fibroblasts (dermal cells), which produce additional matrix 
proteins and the upper epidermal layer is formed by promoting human 
keratinocytes (epidermal cells) 
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Permaderm small section of the patient's own skin to be grown to graft an area one hundred 
times its size, is comprised of autologous fibroblasts and keratinocytes cultured 
on an absorbable collagen substrate 
Orcel bilayered cellular matrix- cells (epidermal keratinocytes and dermal fibroblasts) are 
cultured in two separate layers into a Type I bovine collagen sponge 
 
2.1.2.1 Classification of burn wounds 
Management of thermal wounds is the foundation pathophysiology of thermal injury 
to the skin. Thermal wounds have been divided into three zones of a histopathological injury 
– zone of coagulation, zone of stasis and oedema and zone of hyperaemia (Fig.3) [8]. 
Zone of coagulation is most severely damaged outermost area and undergoes complete 
and irreversible necrosis and denaturation of proteins. Zone of stasis and oedema contains 
partially denatured proteins and slow blood flow. This area is characterized 
by vasoconstriction and ischemia. It can change to coagulation as a consequence 
of the development of edema, infection and decreased perfusion. Tissue in this zone remains 
viable. Zone of hyperaemia is surrounding a zone, gradually increasing blood flow. This area 
is characterized by vasodilation. 
 
 
Fig.3: Burns zones [13] 
 
In a case of wound infection or poor perfusion, a seemingly superficial burn 
may in time develop into a more severe and deeper wound with necrotic areas extending 
into the zone of stasis. Current treatment standards are early and complete excision of eschar 
to prevent wound infection. Full-thickness burns – wound coverage with an autologous split-
thickness skin graft harvested from intact areas of the patient’s skin [8]. 
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Depending on the severity of the burn, the individual is susceptible to infection. 
Regardless of the severity the wound is painful. Inflammatory agents are released at the burn 
site causing swelling and pain at the site of injury. The most common organisms that infect 
burn wounds are Staphylococcus aureus, Group A Streptococcus, Pseudomonas aeruginosa, 
and Candida. Each of these organisms have the potential to develop multi-drug resistance 
and the potential to be life threatening [14]. 
To prevent the spread of organisms may be added to the composition antimicrobial 
agents (antibacterial or antiviral), e.g. ciprofloxacin, amoxicillin-clavulanic acid, 
erythromycin, tetracycline, clindamycin or doxycyclin. Other additional agents that may 
be added for improving the efficiency include steroids, e.g. hydrocortisone, analgesic agents, 
preferably from the amide or ester class such as pramoxine or benzocaine, substances 
that either promote skin integrity or inhibits skin breakdown, e.g. vitamin E, aloe, zinc oxide 
or other barrier cream, anti-inflammatory agents, e.g. a non-steroidal anti-inflammatory agent 
selected from aminosalicylic acid, ibuprofen, sulindac, piroxicam or diflunisal [15]. 
 
2.1.3 Burn implants 
Refunds skin for burns can be replaced with either autologous or allogeneic skin 
grafts. Most used burn implants are autologous skin grafts but the downside are scars 
on the skin. Repeal of tissue banks is another problem for using allogeneic skin grafts, mainly 
because of ethical rules. These and other reasons allow the creation of artificially tissue 
engineered where “synthetic” skin is on polymer-based material and will remain functional 
properties of tissue. The major advantages of polymer-based materials are that they provide 
a thick, dermal substitute, are inexpensive and readily available, and have a prolonged shelf 
life and good healing characteristics. Disadvantage of these polymer-based materials 
can be at least one subsequent procedure to cover the dermal substitutes with viable epithelial 
cells at the wound site. 
 
2.1.4 Skin graft 
If larger parts of the total body surface area have been damaged, autologous skin grafts 
may still be taken and then meshed in order to enlarge the size of the graft. The disadvantages 
of such practices are morbidity, significant pain at the donor site, and the characteristic 
corrugated scar as the recipient site heals [8]. 
If patient’s skin for the skin graft cannot be used, one of the possibilities is to get skin 
from a dead donor. Cadaveric skin grafts are decellularizated, thus removing the cellular 
component to preventing graft immune rejection. They may either be obtained from nonprofit 
skin banks or purchased as, for example, Karoskin. Such all grafts represent temporary 
‘bridging’ measures for immediate wound coverage in the acute stages post-injury [8]. 
Disadvantages of utilizing human cadaveric skin can be ‒ donor organ shortage 
and limited skin bank availability, moral objections from the patient’s or surgeon’s 
perspective or risk of viral transmission from cadaveric tissues to the recipient. 
Despite the many advances in tissue engineering (TE) approaches, scientists still face 
significant challenges in repairing or replacing soft tissues such as tendons, ligaments, skin, 
liver, nerve, and cartilage to improve the quality of life for people. The conventional 
therapeutic treatments targeted to reconstruct injured tissues or organs have some limitations 
such as donor limitation sand graft rejections [16]. 
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There is an urgent need for fully synthetic, yet biocompatible and so-called ‘smart’ 
skin bioconstructs for the regeneration of scar-free skin [8]. 
 
2.1.5 Artificially engineered tissue 
Besides that, the wide variety of structures and the unique biological, chemical 
or physical functionalities of these polymers can be associated, allowing one to create 
interesting materials such as membranes, hydrogels, scaffolds, and micro/nanospheres. 
Fig.4 shows various possibilities for creating interesting materials [16]. These natural origin 
polymer-based materials offer advantages such as the creation of new opportunities 
for mimicking the tissue microenvironment and can stimulate the appropriate physiological 
responses required for cellular regeneration. It seems that all these features associated 
with a controlled biodegradation rate and the biocompatibility of these naturally based 
systems can be advantageous when compared to synthetic polymers. Hepatocytes, 
keratinocytes or other cells can be put into these materials to support healing. A suitable form 
(thin film, hydrogel, scaffold, fibers) is important for subsequent use. 
 
 
 
Fig.4: Scheme of different polymeric architectures proposed for soft tissue repair [16] 
 
15 
 
2.1.6 Hydrogels 
Hydrogels are three-dimensional polymeric networks those swell quickly by imbibing 
a large amount of water or de-swell in response to changes in their external environment. 
These changes can be induced by changing the surrounding pH, temperature, ionic strength 
and electro stimulus. The volume phase transitions as a response to different stimuli make 
these materials interesting objects of scientific observations and useful materials for use 
in advanced technologies [17-23]. The possibility of creating hydrogels by chemical 
modification is shown Fig.5. 
Hydrogels enable moist wound healing covering up a wound and provides an optimal 
wound conditions. It also enables favorable conditions for epithelizations, easier migration 
of epidermal cells on a most surface, formation of new tissue and wound fluid from wound 
healing stimulates keratinocytes proliferation. Pain is significantly reduced. In summary, 
advantages of moist treatments over dry wound treatments are up to 50 % faster wound 
healing, lower rate of infection – not needed antibiotics, painless removal of the dressing 
without destroying newly formed tissue and less scars and better cosmetic results [24,25]. 
Hydrogels can be prepared from natural or synthetic polymers [17,26]. Although 
hydrogels made from natural polymers may not provide sufficient mechanical properties 
and may contain pathogens or evoke immune/inflammatory responses, they do offer several 
advantage properties such as inherent biocompatibility, biodegradability, and biologically 
recognizable moieties that support cellular activities [17]. 
 
Fig.5: Schematic of methods for formation of hydrogels by chemical modification of hydrophobic 
polymers [27] 
 
Among the wound dressings, special attention has been paid to hydrogels because 
of their unique interesting properties which can meet the essential requirements of ideal 
wound dressings including: immediate pain control, easy replacement, transparency to allow 
healing follow up, absorb and prevent loss of body fluids, barrier against bacteria, oxygen 
permeability, good handling, control of drug dosage and so on [18]. 
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2.1.6.1 Synthetic polymers for hydrogels 
There are many studies dealing with the application of synthetic polymers or synthetic 
polymer/biopolymer to regeneration of soft tissues. Many synthetic biocompatible polymers, 
including poly (ethylene oxide), poly (vinyl alcohol), poly (acrylic acid) [28], polyurethane, 
poly (glycolic acid)/poly (lactic acid) [29], poly (hydroxyl butyrate), poly (L-lactide), poly (3-
hydroxybutyrate-co-3-hydroxyvalerate) or poly (ε-caprolactone) are used. 
Synthetic hydrogels are appealing for tissue engineering because their chemistry 
and properties are controllable and reproducible. For example, synthetic polymers 
can be reproducibly produced with specific molecular weights, block structures, degradable 
linkages, and crosslinking modes. These properties in turn, determine gel formation dynamics, 
crosslinking density, and material mechanical and degradation properties [17,28]. 
Poly (vinyl alcohol) is the most used synthetic polymer in combination with natural polymers. 
 
Poly (vinyl alcohol) 
Poly (vinyl alcohol) (PVA) is a water-soluble, synthetic hydrophilic linear polymer. 
Properties of PVA depend on the degree of polymerization and the degree of hydrolysis. 
The amount of hydroxylation determines the physical characteristics, chemical properties, 
and mechanical properties of the PVA. Molecular weight of PVA can be between 9.000 
and 98.000 and a degree of hydrolysis of 87 to 99%. 
PVA needs to be crosslinked to form hydrogels for use in several applications. 
The crosslinks, either physical or chemical, provide the structural stability the hydrogel needs 
after it swells in the presence of water or biological fluids [30]. 
PVA is not prepared by polymerization its monomer. Vinyl alcohol (enol form) 
rearranges to acetaldehyde (keto form). Vinyl alcohol and acetaldehyde are therefore 
tautomers (Fig.6). This is reason, why is PVA prepared from vinyl acetate with ethanol. 
This reaction is shown on scheme (2), where [CH2CH(OAc)] is polyvinyl acetate, C2H5OH 
is ethanol, [CH2CH(OH)] is polyvinyl alcohol and C2H5OAc is ethyl acetate. 
 
 
Fig.6: Tautomerization of acetaldehyde to vinyl alcohol 
 
[CH2CH(OAc)]n + C2H5OH → [CH2CH(OH)]n + C2H5OAc      (2) 
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PVA found using in textile and paper industries, in food packaging or as medical 
devices (soft contact lenses, eye wetting drops, cartilage replacement, tissue adhesion barriers, 
drug delivery systems or hydrophilic coatings). 
In last decades increased interest of blended polymers for medical applications 
with PVA and polysaccharides particularly in biomedical applications. PVA were blended 
with natural polymers – alginate [31,32], chitosan [33,34], dextran [33], gelatin [35], synthetic 
polymers – PVP [36], poly (N-isopropyl acrylamide) [37] and nano composites – 
montmorillonite clay [38], ZnO nanoparticles [39,40] as hydrogels for wound dressings 
polymeric materials.  
 
2.1.6.2 Natural polymers for hydrogels 
Nature-inspired routes involving the creation of polymer-based systems of natural 
origin (e.g. polysaccharide-protein) constitute an interesting alternative to produce novel 
materials that can fulfill all the necessary requirements for the success of these approaches. 
However, the properties of these systems will depend on the choice of the composition 
of the system - the intrinsic characteristics (e.g. molecular weight, charge) of each component, 
their degree of interaction and their miscibility. Polysaccharides exhibit the relevant 
characteristics such as their availability in nature, chemical diversity, biodegradability, 
and may be modified relatively easily [14]. 
Most of the current researchers have headed towards studying the use of natural 
biodegradable polymers such as collagen, chitosan, hyaluronic acid, cellulose, starch, 
soy protein, gelatin, silk fibroin and alginate. The material choice for a particular application 
depends upon the type of material required, the nature of the tissues to be regenerated, 
and their regeneration time [14]. 
 
2.2 Natural Gums 
Natural gums are promising biodegradable, nontoxic, freely available and less 
expensive polymeric materials for use in drug delivery systems. However, these materials 
have certain drawbacks, like uncontrolled rate of hydration, thickening, drop in viscosity 
on storage, microbial contamination and require functionalization/modification to overcome 
these problems [18,19,26,41,42]. 
Therefore, these materials require some modifications. Graft and cross-linked 
copolymerization of polysaccharides with synthetic monomers are a powerful technique 
to modify the properties of polysaccharides and to make them advanced materials for use 
in drug delivery [18 . Polysaccharides based hydrogels are of great interest mainly 
for biomedical applications particularly due to their biocompatibility and similarity 
with biological systems [43]. 
Polysaccharides based hydrogels are good materials, for example, for wound 
dressings. These hydrogel wound dressings provide a moist wound healing environment. 
These are transparent to wound a site from which the wound healing cycle can easily 
be monitored. These can be tailored to various shape and size which make them permeable 
to O2 and CO2 but prevent the passage of microorganism [7,21]. 
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2.2.1 Karaya Gum 
Sterculia gum is medicinally important naturally occurring polysaccharide, 
has a unique feature such as high swelling and water retention capacity, high viscosity 
and inherent nature of anti-microbial activity [44]. Sterculia gum is effective bulk laxative 
as the gum particles absorb water about 100 times their original volume. In absorbing water, 
the coarse particles swell enormously, forming a discontinuous type of mucilage that is very 
effective as a laxative [45-47]. GK has been used in the treatment of diarrhea, ulcers, irritable 
bowel syndrome, chronic colonic diseases, reducing cholesterol [41] and improving glucose 
metabolism without adversely affecting most mineral balances [48], drug delivery system 
[18,41] or wound dressing [17]. 
Sterculia gum (GK) is dried nature exudation of the Sterculia urens tree and other 
species of Sterculia. Sterculia gum has unique features such as high swelling and water 
retention capacity, high viscosity, inherent nature of anti-microbial activity and abundant 
availability [41,45,48]. Gum Karaya have found many applications in pharmaceutical 
formulation [18,41,49]. 
 
Occurrence 
GK is obtained by making incisions into the trunks of the Sterculia trees that can grow 
up to 10 m high depending on the species. Trees belong to family ‘Sterculiaceae’ [50-52]. 
The bulk of the gum exudes within the first day forming large, irregular lumps or ‘tears’ that 
dry in the hot, dry climate. Each tapping yields between 1 and 5 kg of gum and each tree 
can expect to be tapped approximately five times during its lifetime. In India, the best quality 
gum is collected in April, May and June, just prior to the monsoon season. The crop 
in Senegal is collected in September to January and from March to July [49]. It also occurs 
on the west coast of India [53] and in the dry forests of Burma and Sri Lanka [54]. 
Gum is collected and delivered to collection points where bark and foreign matter is removed 
by hand. Lumps are broken down into smaller pieces and sorting occurs on the basis of gum 
colour and residual bark and foreign matter [49]. 
 
Chemical structure 
The chemical composition of GK varies little between the exploited tree species [41]. 
GK is a negative colloid and a high-molecular-weight complex acidic polysaccharide [51,53]. 
Sterculia urens gum occurs naturally as a complex, branched, partially acetylated 
polysaccharide. The gum has a molecular weight of approximately 9,500,000. 
It contains about 40% uronic acid residues and approximately 8% of acetyl groups. The gum 
is calcium and magnesium salt, with a central chain of D-galactose (13%), L-rhamnose (15%) 
and D-galacturonic acid units (43%) with some side chains containing D-glucuronic 
acid [20,55-57]. 
Structure of GK consists of two regions – backbone region A 
and side region B (Fig.7, Fig.8). Region (A) of sterculia gum contains α-D-galacturonic acid 
(α-D-GalpA) and α-L-rhamnose (α -L-Rha) residue. In this chain, the galacturonic acid 
is linked to rhamnose through 1-2 α at one side and through 4-1 α glycosidic linkage 
on the other side, and this pattern is repeated throughout the chain. β-D-Galactose (β-D-Gal) 
and β-D-lucouronic acid (β-D-GlcA) are linked as side-chains with α-D-galacturonic acid 
through 1-2 β linkage and 1-3 β linkage, respectively. The β-D-glucuronic acid side chain 
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units generally occur singly, are attached directly to the main chain but may also be linked 
to the main chain via a D-galactose residue and are also present as the 4-O-methyl ether 
derivative. One-half of the rhamnose units are carried at O-4 by 1,4 linkages of β -D-galactose 
units [20,55-57]. 
Region (B) of sterculia gum consists of branched trisaccharide units composed of β-D-
galactose and α-D-galacturonic acid that are probably not present in repetitive sequences. α-
D-Galacturonic acid is linked through (1-4 α) and (2-1 β) glycosidic linkage to β-D-galactose. 
These trisaccharide units are also interrupted by the rhamnogalacturonan regions at intervals 
[20]. 
 
 
Fig.7: Graphical representation of structural elements of Sterculia urens gum [20] 
 
 
20 
 
 
Fig.8: Structural representation of Sterculia urens gum [20] 
Solubility 
Because of the presence of acetyl groups, GK is the least soluble commercial 
exudates, yet it can absorb cold water very rapidly to form a viscous colloidal dispersion 
at low concentrations. At high concentrations of 3-5%, the gum forms thick, soft gel-like 
pastes [41]. Due to the presence of these acetyl groups, native GK is insoluble and only swells 
in water distinguished three fractions in GK, based on their solubility in water. Only 10% 
of the native gum was solubilized in cold water, increasing up to 30% in hot water. 
After deacetylation with dilute ammonia, 90% of the native gum dissolved in water [58]. 
 
pH stability 
The pH of a 1% GK (of Indian origin) solution is 4.4 to 4.7, 4.7 to 5.2 for the African 
GK because of the acid residues present. Raising the pH causes deacetylation. GK is acid 
stable and, therefore, it is most suitable for thickening acid-based sauces and dressings 
prepared with minimal heat processing [49,54]. 
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Heat stability 
Irreversible polymer conformation changes occur in heated GK dispersions resulting 
in a permanent viscosity loss. However, under controlled temperature and pressure conditions, 
concentrations of up to 20% can be prepared giving very viscous solutions [49]. 
Heating increases the solubility and allows the preparation of dispersions up to 18%, 
compared to 4–5% in cold water [58]. 
 
Microbiological stability 
Unless preservatives are used, GK dispersions are prone to microbial attack. 
Depending on the food formulation in use, benzoic or sorbic acids, methyl and propyl para 
hydroxyl benzoate and propylene glycol are commonly used [49]. It is highly resistance 
to hydrolysis by mild acids and degradation by most of the microorganisms [58]. 
 
2.2.1.1 GK modification 
GK can be further modified by other synthetic and natural polymers including 
inorganic fillers to optimize resulting properties. The characteristic of the main 
polysaccharide in this thesis, GK, and its combinations are described in Table 3. 
Table summarized proposed blend systems as applications for soft tissue repair and also 
include the methods for production for blend system, crosslinker (or initiator), matrix shape 
and the aimed TE applications.  
Materials based on GK are crosslinked by e.g. irradiation, aldehydes (formaldehyde, 
glutaraldehyde), acryl amides or bivalents ionts (CaCl2) to increase the mechanical properties 
and hydrolytical stability. 
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Table 3: Gum Karaya-based matrices proposed for applications in soft tissue repair, their matrix type and potential TE applications 
Compositions Crosslinker Initiator Matrix type Medicament Potential TE applications 
GK - - Solid dispersion Aceclofenac Controlled release of drug [59] 
GK   Solid dispersions Glimepiride Drug carrier [60] 
GK - - Solid mixtures Nimodipine Drug carrier [51] 
GK FM - Microspheres Famotidine Prolonged drug release [57] 
GK + AgNO3 
 
- - Nanoparticles - Burn treatment to prevent bacteria 
colonization [53] 
GK + CH 
 
GA - Microspheres - Immobilization of biomolecules, 
drug delivery systems [56] 
GK + HPMC - - Microspheres Indomethacin Controlled release of drug [61] 
GK + PVA - γ rays Hydrogel Tetracycline hydrochloride drug delivery formulations [3] 
GK + PVA 
 
GA - Hydrogel Tetracycline hydrochloride Wounds dressing (delivery 
of antimicrobial agent) [17] 
GK + PVP N,N’-MBAAm APS Hydrogel Ornidazole Treatment of diarrhea (dual actions 
of GK with ornidazole) [44] 
GK + PLA + CF - - Biocomposite - Food packaging [62] 
GK + PVA + NVP - γ rays Hydrogel Doxycycline hyclate Drug release wound dressing [63] 
GK + HEMA + AAc - γ rays Hydrogel - Controlled release of drug [64] 
AAc: acrylic acid; AgNO3: silver nitrate; APS: ammonium persulfate, CF: celulose fabric; CH: Chitosane; FM: formaldehyde; GA: Glutaraldehyde; GK: Gum 
Karaya; HEMA: 2-Hydroxyethyl methacrylate; HPMC: hydroxypropylmethylcelulose; MAAc: methacrylic acid;MAAm: meth acrylamide; N,N'-MBAAm:N,N'-
methylene bisacrylamide; NVP: poly(N-vinyl pyrrolidone); PVA: Poly(vinyl alcohol); PLA: poly (lactic acid); PVP: Poly(vinyl pyrrolidone) 
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Irradiation 
One option was crosslinking conducted through gamma radiation. The study [64] deals 
with the modification of Sterculia gum by PVA–NVP through radiation crosslinking, 
to develop the hydrogels meant for the delivery of antimicrobial agent to the wounds. 
Swelling, drug release mechanism and the swelling kinetic were studied in the solution 
of different pHs and simulated wound fluid. The release of drug in simulated fluids occurred 
through non-Fickian diffusion mechanism. 
Sterculia gum, 2-hydroxyethylmethacrylate (HEMA) and acrylic acid (AAc) based 
hydrogels was prepared by radiation-induced crosslinking polymerization. Characterization 
was carried out as a function monomers concentration, radiation dose, amount of Sterculia 
contents in the polymer matrix and nature of the swelling medium. These reaction parameters 
affected the pore size and network density which was reflected in the swelling of the polymer 
matrix [42]. 
 
Aldehydes 
The novel wound dressing for the delivery of an antimicrobial agent (tetracycline 
hydrochloride) was prepared by using GK crosslinked with poly (vinyl alcohole) (PVA) 
and glutaraldehyde (GA) as crosslinker [17]. Also di-n-butyl phthalate (DBP) was used 
as plasticizer. Swelling increases with the increase in the Sterculia and PVA contents 
in the matrix and it decreases with the increase in the crosslinker and plasticizer concentration 
in the composition. It can be used to for wound healing.  
 
Acrylamides 
The most commonly used representative of acrylamide is N,N’-methylene 
bisacrylamide (N,N’-MBAAm). It is capable of creating a network rather than linear chains 
which helps in maintaining the firmness of gel. Chemical structure of (N,N’-MBAAm) shown 
Fig.9. 
 
 
Fig.9: Chemical structure of N,N’-MBAAm 
 
GK was modified with polyacrylamide (poly (AAm) by using (N,N’-MBAAm) 
as crosslinker and ammonium persulfate (APS) as initiator. Also an effect of pH and NaCl 
on swelling kinetics was studied. Swelling of the polymer matrix decreases 
as the concentration of initiator increased during the synthesis of polymeric networks. 
This may be due to the reason that higher concentration of the initiator has started 
the formation of number of polymer chains which has decreased the chain length and affected 
the network formation [40]. 
GK was modified with methacrylic acid (MAAc) by using N,N'-MBAAm 
as crosslinker and APS as for developing the novel hydrogels for use as drug delivery devices. 
Swelling behavior of the hydrogels was studied as a function of various reaction parameters 
and, pH and salt concentration of the swelling media. Swelling of polymers 
decreases with an increase in monomer concentration in the polymer matrix and swelling 
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of the hydrogel increases with the increase in the concentration of initiator in the reaction 
[18]. 
Antidiarrheal properties of GK were studied in [44]. GK was functionalized with poly 
(vinyl pyrrolidone) (PVP) for release of the model antidiarrheal drug ornidazole. GK was 
modified with PVP by using N,N'-MBAAm as a crosslinker and APS as initiator. Swelling 
behavior of the hydrogels has been studied as a function of various reaction parameters 
and pH and salt concentration of the swelling media. The drug released through the polymeric 
matrix follows Fickian diffusion mechanism. Degradation of the polymer matrix and release 
of drug in GI tract had a double effect to cure the diarrhea. 
 
CaCl2 
Double potential drug delivery system was made ionotropic gelation of alginate 
and GK by using CaCl2 as crosslinker [58]. Characterization was carried out as a function 
of various reaction parameters and pH of the swelling media. Sodium alginate and Sterculia 
gum contain anionic groups i.e. carboxyl and hydroxyl groups in its structure, both of them 
exhibit the property of electrostatic interaction. The proposed structure thus formed is highly 
crosslinked polymer network and shown in Fig.10. The increase in concentration of Ca
2+
 ions 
in the gelation medium increases the availability of Ca
2+
 ions which increase the number 
of interactions with COO
− 
groups present in alginate and Sterculia gum. This results 
in the increase in crosslinking density which hindered inward diffusion of swelling medium 
[65]. 
 
Fig.10: Interaction between GK, alginate and Ca
2+ 
ions [66] 
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2.3 Carbodiimides 
Crosslinking using carbodiimides is a frequently used technique in proteins chemistry. 
Carbodiimide creates “zero-length crosslinkers” in organic chemistry or peptide synthesis 
or for immobilization of different biological molecules on solid supports. 
The carbodiimide molecule reacts with the carboxy group of a molecule, thus giving a highly 
reactive O-acylurea, which then reacts with nucleophiles such as primary amines to form 
an amide (peptide) bond or reacts with primary hydroxyl group to from ester bond [67,67]. 
One of the representatives of carbodiimides is 1-Ethyl-3-(3-dimethyl 
aminopropyl)carbodiimide (EDC, EDAC or EDCI) is water soluble carbodiimide. It´s usually 
used as the hydrochloride and applied in the 4.0‒ 6.0 pH range. It´s also employed 
for crosslinking peptides, proteins, nucleic acids and of course polysaccharides. Our group has 
many years of experience using EDC to collagen crosslinking for the creation of collagen 
hydrogels. 
Mechanism of crosslinking with EDC to form collagen hydrogels is shown in Fig.11. 
Chemical structure of EDC is illustrated in Fig.12.  
 
Fig.11:  Mechanism of crosslinking collagen with EDC [69] 
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Fig.12: Chemical structure of EDC 
 
 
2.3.1 EDC as a Crosslinker 
As already mentioned, EDC is very often use for crosslinking of collagen. 
Stable collagen scaffold was prepared with gallic acid (GA) in the presence of EDC/NHS (N-
hydroxy succinimide) [70]. The EDC/NHS initiated GA treated collagen matrix is more stable 
than the native one and can be effective in the prevention of degradation caused 
by collagenase, and hence, may find use in the preparation of collagenous biomaterials 
for tissue engineering and regenerative medical applications. 
Another option is using a crosslinked collagen. Heparin was immobilized 
to EDC/NHS-crosslinked collagen [71]. Carboxylic acid groups of heparin were converted 
to reactive NHS-esters. Heparin was immobilized by reaction of NHS-activated carboxylic 
acid groups of heparin with residual primary amino groups in the EDC/NHS crosslinked 
collagen matrix. Thereafter was investigated the stability of the resulting heparinized 
matrices. Other option is crosslinked collagen with EDC/NHS and its influence of L-lysine 
on the self-assembly processes of collagen [72] or crosslinked a collagen-based scaffold 
with EDC/NHS with human corneal keratocytes [73]. 
Chondroitin sulfate (CS) was used as model glycosaminoglycans (GAG). Coupling 
reactions were performed using EDC in the presence of the nucleophile NHS. Addition 
of NHS increases the rate and degree of collagen crosslinking. It is concluded that EDC/NHS 
is generally applicable for attachment of GAGs to collagen [74]. Other studies have dealt with 
preparation of the porous type II collagen-CS scaffolds with variable concentrations of EDC 
[75], preparation of collagen-GAG matrices crosslinked with EDC with potential 
for use in tissue engineering [76] or lyophilized collagen-GAG matrices and investigate 
the effect of increasing EDC crosslinking concentrations on the biostability [77]. 
Hyaluronic acid (HA) fibers were prepared by the lyophilization with the HA solutions 
and subsequently crosslinked with EDC, and then the water-resistance property was enhanced 
by the application of tissue engineering [78]. Results confirmed crosslinked fiber membranes 
were more stable in phosphate-buffered saline and water. Porous collagen matrices 
crosslinked with various amounts of HA by EDC for dermal tissue regeneration was described 
in [79]. Another study describes porous collagen-HA scaffold by using a freeze-drying 
technique and EDC crosslinking and its using for three dimensional cultures of cell in tissue 
engineering [80]. 
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2.4 Goal of the work 
The aim of presented study is a summary of design and preparation of natural 
polysaccharide GK hydrogels with prolonged hydrolytical stability. The main goal 
of the work is to prepare thin elastic films from GK and observe the effect of crosslinking 
on swelling properties. This study also deals with hydrogel films characterization by different 
physicochemical methods such as FTIR and TGA as well as the evaluation of water uptake 
and hydrolytical degradation at 37°C. 
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3 EXPERIMENTAL PART 
 
The experimental part is secret for the protection of intellectual property. 
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5.3 Symbols and shortcuts 
AAc   acrylic acid 
AgNO3  silver nitrate 
APS   ammonium persulfate 
ATR   attenuated total reflection mode 
CF   cellulose fabric 
CH   chitosane 
CS   chondroitin sulfate  
ECM   extracellular matrix  
EDC   1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
FM   formaldehyde 
GA   glutaraldehyde 
GAG   glycosaminoglycans 
GK   gum karaya 
HA   hyaluronic acid 
HEMA  2-hydroxyethylmethacrylate  
HPMC   hydroxyl propyl methylcellulose 
MAAc   methacrylic acid 
N,N'-MBAAm N,N'-methylenebisacrylamide 
NVP   poly(N-vinylpyrrolidone)  
OGK   original gum karaya 
PVA   poly(vinyl alcohol)  
PLA   poly (lactic acid)  
PVP   poly(vinylpyrrolidone) 
TE   tissue engineering 
 
 
 
 
 
 
 
 
 
 
 
 
 
